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[57] 


ABSTRACT 


An apparatus for mounting different sorts of electronic 
components on a substrate, including a table rotatable 
about an axis; a plurality of groups of mounting heads 
supported by the table,, each one_of-the,bead_ groups 
consisting of a pluralit y of identical mounting heafc that 
differ jror nthe identica l mounting heads rtf ?flc h nf the 
other head group or groups, the rnounth igheads of the 
each one headjgou p taking an elecjrontca gaponent of 

a mrrpgprmftin^ nm> q f_the different snrts fmnLarTelec- 

tronic component supply device a nd mount the elec- 
tronic component on a substrate. The mounting heads 
of the each of the head groups~oeing supported_fejLthe 
table such that themounting heads of eacrThead group 
are equiangulariy~3Stant from one another on a circle 
whose center is locat ed on the axis of the table; a drive 
device jor intennittenUy_rotating the ta ble about the 
axis, the drive device rotating"tfie~table by one of a 
plurality of predetermined rotation amounts for each of 
the intermittent rotations.thereof, the rotation amounts 
including, a r otation amount equal to the equiangular 
distance predetermined with respect to the mounting 
heads of each one head group; and a changing device 
for changing the one of the "rotation amounts for one 
head group to another of the rotation amounts for an- 
other bead group. 

16 Claims, 15 Drawing Sheets 
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electronic components on a substrate with high mount- 

ELECTRONIC COMPONENT MOUNTING ing efficiency. 

APPARATUS The above object has been achieved by the present 

invention, which provides an apparatus for mounting 

BACKGROUND OF THE INVENTION 5 different sorts of electronic components on a substrate, 

1. Field of the Invention comprising (A) a table rotatable about an axis, (B) a 
The present invention relates in general to an elec- plurality of groups of mounting heads supported by the 

tronic component mounting apparatus and in particular table, each one of the head groups consisting of a plural- 

to such an apparatus which has different sorts of mount* ity of same mounting heads different from the same 

ing heads for mounting different sorts of electronic ^ mounting heads of each of the other head group or 

components on a substrate such as a printed wiring groups, the mounting heads of the each one head group 

board. taking an electronic component of a corresponding one 

2. Related Art Statement of the different sorts, from an electronic component 
There has conventionally been known an electronic supply device, and mounting the electronic component 

component mounting apparatus for mounting, on a 13 on a substrate, the mounting heads of the each one head 

printed wiring board, different sorts of electronic com- group being supported by the table such that the mount- 

ponents that differ from each other with respect to size, ing heads are equiangularly distant from each other on 

shape, weight, etc. Generally, the apparatus has differ- a circle whose center is located on the axis of the table, 

ent sorts of mounting heads which have different sizes (Q drive means for intermittently rotating the table 

or constructions corresponding to different sorts of 20 about me axis, the drive means rotating the table by one 

electronic components. Japanese Utility Model Appli- of a plurality of predetermined rotation amounts, for 

cation laid-open under Publication No. 59-95700 dis- each of the intermittent rotations thereof, the rotation 

closes an apparatus of the above indicated type. The mcluding a rotati on amount equal to the equi- 

disclosed apparatus has a table and different sorts of angular distance predetermined with respect to theeach 

mountntg heads supported by the table. Tlie different 25 Qne head ^ ^ chan ^ me Ji s for changing 

W heads selecdvely are used for mount. the ^ ^ 0 J^o of ^ 

ing corresponding sorts of electronic components. amounts 

More specifically described, the table is rotatable about T „ . * . _ . . 

an axis/and the mounting heads of the different sorts arc * ^e electronic component mounting apparatus 

supported by the table such that all of them are equian- 30 constructed as o^ribed above, the intermittent rota- 

gularly distant from each other on a circle whosecenter *™ a™*"" bv wmch * rotated intermittently 

is located on the rotation axis of the table, and that they by * c d " ve 15 fro f one ° f prede * 

consist of a plurality of pairs of mounting heads each of termmc £ rotafcon amounts to another by the changing 

which pairs consist of two mounting heads of the same means \ Because of the functlon of changing the 

sort wmch are diametrically opposite to each other with 35 intermittent rotation amount, the present apparatus is V 

respect to the rotation axis of the table. The table is capable of mounting different sorts of electronic com- 1 

rotated intermittently about the rotation axis thereof by Points on a printed wiring board with high mounting 

a drive device in such a manner that the table is rotated, efficiency. 

for each of the intermittent rotations thereof, by an 1x1 a preferred embodiment of the present invention, 

intermittent rotation amount equal to the above indi- 40 the equiangular distance predetermined with respect to 

cated, equiangular distance. Consequently, the two, the each one head group is different from the equiangu- 

saroe mounting heads of each of the pairs are stopped, in kr distance predetermined with respect to the each of 

order, at an electronic component receive or take place *he other head group or groups, the rotation amounts 

and an electronic component release or mount place, mcluding different rotation amounts respectively equal 

respectively, which places are diametrically opposite to 45 to me different equiangular distances predetermined 

each other with respect to the rotation axis of the table, with respect to the head groups. In this embodiment, 

whereby one of the two mounting heads takes an elec- the normal mounting operation of the apparatus may be 

tronic component at the take place and the other effected in such a manner that, after the table is rotated 

mounts an electronic component on a printed wiring intermittently by a rotation amount equal to the equtan- 

board at the mount place. 50 gular distance predetermined with respect to a certain 

However, the above identified mounting apparatus is head group, so that the mounting heads of the head 

not capable of intermittently rotating the table by an group take and mount the electronic components of the 

intermittent rotation amount different from the rotation corresponding sort, the table is rotated till the mounting 

amount equal to the above indicated equiangular dis- heads of a different head group are moved to an elec- 

tance. Consequently, all the mounting heads of the dif- 55 tronic component take place and an electronic compo- 

ferent sorts are stopped at the operation places, Le. nent mount place and, thereafter, the table is rotated 

electronic component take and mount places, regardless intermittently by a different rotation amount equal to 

of which sort of mounting heads are used currently for the equiangular distance predetermined with respect to 

the electronic component taking and mounting opera- the different head group so that the mounting heads of 

tion. Thus, the prior art apparatus needs a compara- 60 the different head group take and mount the electronic 

tively long time for moving the mounting heads, of the components of the corresponding sort. In this manner, 

sort which currently are used, to the operation places. only the mounting heads of a head group currently 

In other words, the prior art apparatus has the problem necessary for taking and mounting the electronic com- 

that the mounting efficiency is low. ponents of a corresponding sort, are stopped at the 

^tmmapy hp thp TMVPTviTinM 65 °P cration P laccs * electronic component take and 

SUMMARY OF THE INVENTION mount places, and none of the mounting heads of the 

It is therefore an object of the present invention to other group or groups is stopped at the operation 

provide an apparatus which mounts different sorts of places. Thus, this embodiment provides an advantage 
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that the mounting heads of the currently necessary head mined for the current head group, to a rotation amount 
group are moved to the operation places in a reduced specified in this embodiment as indicated above. In this 
time. In other words, the efficiency of the normal embodiment, it is desirable that, like the preceding em- 
mounting operation is improved. In this embodiment, bodiment, the equiangular distance predetermined for 
the apparatus may be operated in such a manner that, 5 the each one head group is different from the equiangu- 
after all the electronic components held by the mount- lar distance predetermined for the each of the other 
ing heads of a head group which currently is used are head group or groups: However, this is not essential, 
mounted on the substrate, the mounting heads of a head Alternatively, a single, common equiangular distance 
group which subsequently is used take electronic com- may be assigned to at least two, or all, of the head 
ponents from the supply device. 10 groups. In these two cases, it is preferred that the inter- 
In another embodiment of the present invention, each mittent rotation amount be changed from one of a plu- 
of the mounting heads of the each one head group is rality of different rotation amounts to another, for car- 
related to one of the mounting heads of the each of the rying out the transitional mounting operation (i.e., head 
other head group or groups which one mounting head is group changing operation) with higher efficiency, 
adjacent to the each mounting head on the rear side of 15 However, alternatively, it is possible to use a single 
the each mounting head as viewed in a direction of common rotation amount as the intermittent rotation 
rotation of the table, the rotation amounts including a amount, for effecting the transitional mounting opera- 
rotation amount equal to a predetermined angular dis- tion. 

tance between the adjacent one mounting head of the In yet another embodiment of the present invention, 
each of the other head group or groups, and one of the 20 the head groups comprising a first, a second and a third 
mounting heads of the each one head group which one head group, the number of the mounting heads of the 
mounting head is adjacent to the adjacent one mounting third head group being twice the number of the mount- 
head on the front side of the adjacent one mounting ing heads of the second head group, the number of the 
head as viewed in the rotation direction of the table. As mounting heads of the second head group being twice 
previously described, the apparatus of the present in- 25 the number of the mounting heads of the first head 
vention may be operated in such a manner that, after all group. In a preferred form of this embodiment, the first, 
the electronic components held by the mounting heads second and third head groups consist of two, four and 
of a head group which currently is used are mounted on eight mounting heads, respectively, the fourteen mount- 
a substrate, the mounting heads of a head group which ing heads of the first, second and third head groups 
subsequently is used take electronic components from 30 being disposed at fourteen locations out of sixteen loca- 
the supply device. However, if electronic component tions which are equiangularly distant from each other 
take and mount places are diametrically opposite to on the previously indicated circle. In this form, it is 
each other with respect to the rotation axis of the table, preferred that the mounting heads of the first, second 
a more than 360 degrees rotation of the table is needed and third head groups take a large-size, a medium-size 
for completing the head group changing operation or 35 and a small-size electronic component from the elec- 
transitional mounting operation which starts with the tronic component supply device, respectively, and 
concurrent electronic component taking and mounting mount the three sorts of electronic components on the 
by a pair of diametrically opposite mounting heads of substrate, respectively. Because the mounting heads of a 
the current head group at the take and mount places, head group are moved, in order, to the operation places 
and ends with the concurrent electronic component 40 as the table is rotated intermittently by a rotation 
taking and mounting by a pair of diametrically opposite amount equal to the equiangular distance predeter- 
mounting heads of the subsequent head group at the mined for the head group, it can be said that the smaller 
same places. In this manner, first, the electronic compo- the equiangular distance of a head group is, the smaller 
nent mounting operation is carried out by the mounting the intermittent rotation amount is, and accordingly, the 
heads of the current head group, and then the electronic 45 shorter the time needed for moving the mounting heads 
component taking operation is carried out by the of the head group to the operation places is. In other 
mounting heads of the subsequent head group. That is, words, the smaller the equiangular distance of a head 
the mounting and taking operations are not carried out group is, the higher the mounting efficiency is. How- 
simultaneously or concurrently. Thus, this manner suf- ever, it is physically impossible to assign the smallest 
fers from a problem that the efficiency of the transi- 50 equiangular distance to all the head groups. In the 
tional mounting operation is insufficient. On the other event, for example, that three sorts of electronic compo- 
hand, in this embodiment, the head group changing nents, large-size, medium-size and small-size* are 
operation is effected in such a manner that the elec- mounted on a printed wiring board under the require- 
tronic component mounting operation and the elec- ments that the number of the small-size electronic com- 
tronic component taking operation are carried out con- 55 ponents be the greatest of the three sorts and that the 
currently by the mounting heads of the current head number of the large-size electronic components be the 
group and the mounting heads of the subsequent head smallest, it is advantageous as taught by this embodi- 
group, respectively. This embodiment is advantageous ment to use the largest number of mounting heads for 
because only a more than 180 degrees rotation of the taking and mounting the small-size electronic compo- 
table is needed for completing the head group changing 60 nents and dispose those mounting heads such that the 
operation. That is, the efficiency of the transitional mounting heads are spaced apart from each other by the 
mounting operation is improved. In this embodiment, it smallest equiangular distance, while using the smallest 
is required that, while the table is rotated in the head number of mounting heads for taking and mounting the 
group changing operation, the mounting heads of both large-size electronic components and disposing those 
the current and subsequent head groups be stopped at 65 mounting heads such that the mounting heads are 
the operation places. The requirement is met by chang- spaced apart from each other by the largest equiangular 
ing the intermittent rotation amount from a rotation distance. In this case, the mounting efficiency with 
amount equal to the equiangular distance predeter- respect to the head group related to the large-size elec- 
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tronic components, is low as compared with the case 
where a single common equiangular distance is assigned 
to all the head groups, whereas the mounting efficiency 
with respect to the head group related to the small-size 
electronic components, is high as compared with the 5 
same case. Since it is generally required that a certain 
sort of electronic components be mounted on a printed 
wiring board such that the number of the electronic 
components of the sort is much greater than that of the 
electronic components of another sort, and since usu- 10 
ally the number of small-size electronic components is 
much greater than that of large-size electronic compo- 
nents, the apparatus constructed as described above 
exhibits greatly improved mounting efficiency. 

In a further embodiment of the present invention, the 15 
table includes an even number of mounting head sup- 
port portions, the mounting head support portions sup- 
porting the mounting heads of the head groups such 
that the number of the mounting heads is smaller than 
the number of the mounting head support portions. 20 

According to a feature of the present invention, the 
apparatus further comprises an electronic component 
take station in which the electronic component supply 
device is located, and an electronic component mount 
station in which the substrate is located, the take and 25 
mount stations being provided at respective locations 
which are diametrically opposite to each other with 
respect to the axis of the table, the mounting heads of 
the head groups being supported by the table such that 
the number of the mounting heads of each of the bead 30 
groups is even. The apparatus may further comprise an 
electronic component position error detect station pro- 
vided at a location between the electronic component 
take and mount stations at which location none of the 
mounting heads of the head groups is stopped, the posi- 35 
tion error detect station comprising image pickup 
means for taking a projected image of an electronic 
component held by a mounting head which is being 
moved from the take station to the mount station, and 
converting the taken image into binary coded signals, 40 
the image pickup means being disposed under a circular 
path along which the mounting head is moved as the 
table is rotated by the drive means, the position error 
detect station further comprising error calculating 
means for comparing the binary coded signals with 45 
reference binary coded signals representative of a nomi- 
nal position of the electronic component, and thereby 
calculating position errors, AX and AY, of a reference 
point on the electronic component held by the mount- 
ing head, and an angular error, A0, of the electronic 50 
component about the reference point, the error calcu- 
lating means being connected to the image pickup 
means. 

According to yet another feature of the present in- 
vention, the apparatus further comprises memory 55 
means for storing data relating to the equiangular dis- 
tance predetermined with respect to the each one head 
group, and control means for controlling the drive 
means to intermittently rotate the table according to the 
data stored in the memory means. 60 

According to a further feature of the present inven- 
tion, the apparatus further comprises identifying means 
for identifying, each time the table is stopped, which 
one of the mounting heads is stopped at a reference 
place on a circular path along which the mounting 65 
heads are moved as the table is rotated by the drive 
means. The identifying means may comprise (1) measur- 
ing means for measuring a rotation amount of the table, 
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the measuring means resetting the measured rotation 
amount to zero each time each one of the mounting 
heads of one of the head groups which one head group 
consists of the smallest number of mounting heads of all 
the head groups, are stopped at the reference place, (2) 
memory means for storing data relating to a predeter- 
mined angular distance between the each one of the 
mounting heads of the one head group and each of the 
mounting heads of the other head group or groups 
which mounting heads are disposed between the each 
one of the mounting heads of the one head group and 
another of the mounting heads of the one head group 
which another mounting head is adjacent to the each 
one of the mounting heads on the rear side of the each 
one of the mounting heads as viewed in a direction of 
rotation of the table, and (3) comparing means for com- 
paring the rotation amount of the table measured by the 
measuring means, with the data stored in the memory 
means, each time the each of the mounting heads of the 
head group or groups is stopped at the reference place, 
and thereby identifying which one of the mounting 
heads is stopped at the reference place. Alternatively, it 
is possible to operate the apparatus in a manner taught 
by this embodiment only with respect to at least one of 
the mounting heads of the head group consisting of the 
smallest number of mounting heads. 

According to another feature of the present inven- 
tion, the apparatus further comprises (a) an electronic 
component take station in which the electronic compo- 
nent supply device is located, and an electronic compo- 
nent mount station in which the substrate is located, the 
take and mount stations being provided at respective 
locations which are diametrically opposite to each 
other with respect to the axis of the table, the mounting 
heads of the head groups being supported by the table 
such that the number of the mounting heads of each of 
the head groups is even, (b) generating means for gener- 
ating a head group change signal for changing a head 
group which currently is used for the electronic compo- 
nent taking and mounting operation, to another head 
group which subsequently is used for the same purpose, 
and (c) transition control means for controlling the 
drive means, upon generation of the head group change 
signal, to intermittently rotate the table such that the 
mounting heads of both the current head group and the 
subsequent head group are stoppe4 at the electronic 
component take and mount stations, until the mounting 
heads of the current head group mount on the substrate 
all the electronic components that have been held 
thereby. The transition control means may comprise (1) 
judging means for judging whether or not the head 
group change commanded by the head group change 
signal is such that the number of the mounting heads of 
the subsequent head group is smaller than the number of 
the mounting heads of the current head group, and (2) 
transition stop control means for selecting one of two 
predetermined programs depending upon the affirma- 
tive or negative judgement of the judging means, and 
controlling the drive means according to the selected 
one program so that the mounting heads of both the 
current and subsequent head groups are stopped at the 
electronic component take and mount stations. The 
transition stop control means may comprise memory 
means for storing data relating to a predetermined angu- 
lar distance between each of the mounting heads of the 
each one head group and one of the mounting heads of 
the each of the other head group or groups which one 
mounting head is adjacent to the each mounting head of 
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the each one head group on the rear side of the each of the rotation shaft which end extends out of the lower 

mounting head as viewed in a. direction of rotation of end of the cylindrical member 14. The DD motor 12 

the table, the transition stop control means controlling intermittently rotates the table 16 in such a manner that 

the drive means based on the data stored in the memory the table 16 is rotated by a predetermined rotation 

means. 5 amount (hereinafter, referred to as the "intermittent 


BRIEF DESCRIPTION OF THE DRAWINGS 


rotation amount") for each of the intermittent rotations 
thereof. In the present embodiment, the DD motor 12 


The foregoing and other objects, features and ad van- serves as drive means for intermittently rotating the 

tages of the present invention will be better understood table 16. 

by reading the following detailed description of the 10 Sixteen holes 20 are formed through the thickness of 

presently preferred embodiment of the invention when the table 16 such that the holes 20 are arranged on a 

considered in conjunction with the accompanying circle whose center is located on an rotation axis 17 

drawings, in which: (FIG. 2) of the table 16 and that the holes 20 are equian- 

FIG. 1 is a perspective view of an electronic compo- gularly distant from each other on the circle. The holes 

nent mounting apparatus embodying the present inven- 15 20 serve as support portions for supporting three groups 

tion; of electronic component mounting heads 22, 24, 26. The 

FIG. 2 is a view for illustrating the positional rela- First group of mounting heads 22 serve for mounting 

tionship between the mounting heads of the three small-size components. The first group 22 consist of 

groups supported by a rotatable table of the apparatus four pairs of mounting heads 22 of the same size and 

of FIG. 1; 20 construction, and each pair of mounting heads are dia- 

FIG. 3 is an elevational cross-sectional view partially metrically opposite to each other with respect to the 

showing a mounting head belonging to one of the three rotation axis 17 of the tabl£«y The eight mou nting 

groups which group corresponds to small-size elec- heads of the first group 22 argstfpported bv the taffeJf 

tronic components; such that the mounting heads 22 are equiangularlyl 

FIG. 4 is an elevational cross-sectional view partially 25 tant from each other. In other wo rds, the .moun ting 

showing a mounting head belonging to one of the three heads 22 -a re suppor ted by the alfcpnatfr hnlpc ?n Th p 

groups which group corresponds to medium-size elec- second group qf mounting headC24^rve for mounting 

trOniC Components; m ^" m -S?f'» 1w>tmn i' 1 n^pnprxa^ntc Tfrg 9 P^r^fi fri-mrp 

FIG. 5 is an elevational cross-sectional view partially 24 consisrpf two p airs j>f mounting heac* c «?f fhft s am ^ 

showing a mounting head belonging to one of the three 30 size and construction, and each pair of mounting heads 

groups which group corresponds to large-size elec- are diametrically opp6site~tO each other. The size and 

tronic components; construction of the mounting heads of the second group 

FIG. 6 is a diagrammatic view of the arrangement of 24 arc different from those of the mounting heads of the 

a control device of the apparatus of FIG. 1 which de- first group 22. The four mounting heads of the second 

vice includes a computer as an essential part thereof; 35 group 24 are supported by the table 16 such that the 

FIG. 7 is an illustrative view of a backup-type RAM mounting heads 24 are equiangularly distant from each 

of the computer of FIG. 6; other. In addition, the third group of mounting heads 26 

FIG. 8 is an illustrative view of a RAM of the com- serve for mountmgHarge-size electronic components, 

puter of FIG. 6; The third group^$_cpnsist of one pair of mounting 

FIG. 9 shows the flow chart of an electronic compo- 40 heads 26 of the same size and construction, and the pair 

nent mount program stored in a ROM of the computer of mounting heads22Pa/e diametrically opposite to each 

of FIG. 6; other. The size and construction of the mounting heads 

FIGS. 10 (10A-10D) and 11 (11A-11Q show the of the third grour>^is^ifTerent^injho^ of the 

flow charts of different head group change programs mounting heads of trTe^flrst or second group 22T 24. 

stored in the ROM of FIG. 6; 45 Since the two mounting heads of the third group 26 are 

FIGS. 12-21 are views for illustrating the different diametrically opposite to each other, the two mounting 

head group changing operations carried out by the heads 26 are spaced from each other by 180 degrees on 

apparatus of FIG. 1; and the table 16. 

FIG. 22 is a view for the head group changing opera- In the present embodiment, three sorts of electronic 
tion carried out by another embodiment of the present 50 components, small-size 118, medium-size 116 and large- 
invention, size 114, are mounted on a printed-wiring board 124, 


DETAILED DESCRIPTION OF THE 


such that the number of the small-size components 118 

m> crcD d cn cTu«>rkrMXiicxrrc mounted is the largest and the number of the medium- 

PREFERRED EMBODIMENTS size coraponents 116 mounted * the second The pres . 

Referring first to FIG. 1 there is shown an electronic 55 ent apparatus is adapted such that the first group 22 

component mounting apparatus embodying the present consist of the largest number of mounting heads and the 

Tnv' gliUuiL I u the figuie, rc l fcreu ce numeral ID designates second group 24 consist of the second largest number of 

a base member, to the u pper surface of which a direct mounting heads. 

drive (DD) motor 12 is fixed such that a drive shaft FIG. 2 illustrates the eight mounting heads 22A-22H 

thereof' extends vertically as viewed in the figure. Tn e 60 of the first group each indicated at a small circle, the 

D D motor 12 is a servo motor capable of rotating an four mounting heads 24A-24D of the second group 

object by required angular amounts. In addition, the each indicated at a medium circle, and the two mount- 

DD motor 12 generates a large torque without having ing heads 26A, 26B of the third group each indicated at 

to use a speed reducer, while being driven at low speed. a large circle. Hereinafter, the equiangular distance, 

The drive shaft of the DD motor 12 is coupled to a 65 22.5 degrees, between each pair of adjacent two holes 

rotation shaft (not shown) which is rotatably received 20, with respect to the rotation axis 17 of the table 16, is 

in a cylindrical member 14 fixed to the lower surface of expressed as B. Therefore, the equiangular distances 

the base member 10. A table 16 is fixed to the lower end predetermined with respect to the first, second and 
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third groups 22, 24, 26 are expressed as 20, 40 and 80, FIG. 4 shows an "M M head 24 supported by a hole 20 

respectively. The equiangular distance of the third of the table 16. The "M" head 24 has a construction 

group 26 is twice that of the second group 24, which in similar to that of the "S" head 22 of FIG. 3, except for 

turn is twice that of the first group 22. Hereinafter, the a sucking device 72. The same reference numerals as 

mounting heads of the first, second, and third groups 22, 5 used in FIG. 3 are used in FIG. 4 to identify the corre- 

24, 26 are referred to as the "S M , "M*\ and "L" heads sponding members or parts, and repetitive description 

22, 24, 26, respectively, when appropriate. In addition, of those members or parts is omitted. The sucking de- 

the rotation amount of the table 16 is expressed by units vice 72 includes a cylindrical nozzle support 74 which 

Q f $ supports a medium diameter nozzle 76 in a manner 

FIG. 3 shows a "S M head 22 supported by a hole 20 of 10 similar to the nozzle support 48 of FIG. 3. A fluorescent 

the table 16. A mam body 30 of the "S M head 22 is P^te 78 is secured to the nozzle support 74 and nozzle 

received in the hole JQ such that a radi al clearanceistelt^ 76 - ^ fluorescent plate 78 is formed of a material 

between the main body 30 and the wall surface defining prepared by mixing a fluorescent paint with a synthetic 

the hole 20. The "S" head 22 is guided by a bush 38 and rcsin such as acrylic resin or polyacetal resin (eg., 

a^ujg^ylinder 40 such that theJua±J21is^evabk 15 *DELRIN* available from Du Pont Co., 'DURACON' 

upward anddownwaiU 1 he bus tT8 is fixed to the table available from Poly Plastic Co.). When the fluorescent 

16 such that the bush 38 defines the lowej-gjBming-oi: P* ate 7 8 » irradiated by an ultraviolet light theplate 78 

the hole 20. Theguide cylinder 40isJW^heamD6i^ absorbs * e and generates a visible light The fluo- 

op ening of the h ote20 ^e^ rescent plate 78 is so dimensioned as to assure an overall 

diameter portion 42 at the top thereof. A sprm?^> 20 f a ™*«™™ electronic component 

disposed between the upper surface of the table liHmd sucked by the nozzle 76^ 

the large diameter portio^f the main body 30 so as f " h J?t^ S " P ?° by 20 

_ u-ftlo u™*., ™T^rl^ a a*a~> ah of table 16. The L" head 26 has a construction 

u^ y ^ 1? similar to that of the "S" head 22 of FIG. 3, except for 

^supported by the lower end portion of the main body asuckin device8Z A nozzle support 84ofUie^king 

30 ^ ^ 46 V**" nozzle device 82 supportsanozzle86ma^er similar to th! 

support w. 1 he nozzle support « has an upper open nQ2jle $ n ^ Qf Fja 3> A 

suction cup 88 having a 

end and a lower closed end 56, and is vertically shdably diametef £ ^ ^ ofthe nozzle B6> * flxed t0 ^ 
received m the main body 30. The nozzle support 48 is Wr ^ of ^ nozzle 86 ihaA roviding a large 
biased downwardbyaspnng50re^ngonapin49. The ^ suckm e i ement A nuorescent ^ 90 ^ 
downward movement of the nozzle support 48 is hm- ^wjched betwcen me nozzIe support 84 and the 
ited by butting of an outer flange 52 extending horizon- suction cup gg ^ fluorescent plate 90 has a structure 
tally from an exposed lower end portion of the nozzle similar t0 that of the fluorescent plate 78 of FIG. 4, but 
support 48, against a stopper member 54 secured to the ^ m size than the plate 78 so that the plate 90 can 
lower end portion of the main body 30. The lower 35 irradiate a large-size electronic component sucked by 
closed end 56 of the nozzle support 48 supports a nozzle ^ large diameter sucking element. 
58 having a small diameter, such that the nozzle 58 is Under the table 16, there are provided an electronic 
fitted in a hole formed through the thickness of the component suck station 94 and an electronic component 
closed lower end 56. An outer surface of the closed raount station 96. These stations 94, 96 are spaced apart 
lower end 56 is coated with a fluorescent paint, and 40 from otner m a diametric direction ofthe table 16. 
serves as a fluorescent surface 60. When the fluorescent addition, an electronic component position error 
surface 60 is irradiated by an ultraviolet light, the sur- detect station 98 is provided between the above indi- 
face 60 absorbs the light and generates a visible light. cated two stations 94, 96. In the suck station 94, is pro- 
Trie "S" head 22 takes a small-size component by vided an electronic component supply table 100 which 
sucking it by means of vacuum. In the cylindrical mem- 45 ^ reciprocated along a path indicated at A in FIG. 1. On 
ber 14, is provided a vacuum passage (not shown) the supply table 100, a plurality of electronic compo- 
which is connected to a vacuum source (not shown) via nent supply units 102-110 are disposed along the path 
a hose 64 (FIG. 1). In the cylindrical member 14, also is a. The supply units 102-110 extend parallel to each 
provided an ambient air (atmospheric pressure) passage. other. Each of the supply units 102-110 is brought into 
These passages are connected via couplings to a vac- 50 an electronic component supply place and held thereat, 
uum passage and an ambient air passage (not shown) as a result of an appropriate movement of the supply 
provided in the table 16, respectively. The communica- table 110 along the path A. Each supply unit 102-110 
tion between those vacuum passages and the communi- includes a tape feed device (not shown) which intermit- 
cation between those ambient air passages are main- tently feeds a carrier tape 112 which supports at regular 
tained even when the table 16 is rotated. The vacuum 55 intervals of distance a plurality of same electronic com- 
and ambient air passages provided in the table 16 are ponents in the form of rectangular chips. The carrier 
connected via a selector valve (not shown) to a commu- tape 112 is fed over a length equal to the interval of 
mcation passage (not shown) communicating with a distance for each of the intermittent movements thereof, 
space in the main body 30, more specifically in the along a path indicated at 8 in FIG. 1. Thus, the supply 
nozzle support 48. When the selector valve is placed in 60 units 102-110 supply the mounting heads 22, 24, 26 with 
one position in which the communication passage is electronic components in an intermittent manner. An 
connected to the vacuum source, the nozzle 58 sucks a electronic component at the leading end of the carrier 
small-size electronic component by means of vacuum. tape 112 which is fed by the supply unit 102-110 held at 
When the selector valve is placed in the other position the above indicated supply place, is located directly 
in which the communication passage is connected to the 65 below one of the mounting heads 22, 24, 26. This loca- 
ambient air passage (ie., ambient air under atmospheric tion is an electronic component suck place. Of the four 
pressure), the nozzle 58 releases the electronic corapo- supply units 102-110, the unit 102 feeds large-size elec- 
nent that has been held thereby. tronic components 114, the unit 104 feeds medium-size 
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electronic components 116, and the units 106-110 feed 
small-size electronic components 118. Hereinafter, the 
large*, medium- and small-size components are referred 
to as the "L", **M" and "S" components, respectively. 
Since the number of the "S" components 118 to be 5 
mounted is the largest of the three sorts, the largest 
number of supply units 106-110 are used for supplying 
the U S" components 118. The "L*\ "M" and "S" com- 
ponents 114, 116, 118 are sucked exclusively by the "L'\ 
"M" and "S" heads 26, 24, 22, respectively. 10 

In the electronic component mount station 96, is 
provided an X-Y table 122 which is movable in direc- 
tions indicated at X and Y. The X-Y table 122 rests on 
a table (not shown) which is rotatable about a vertical 
axis as indicated at C in FIG. 1. The location of the 15 
vertical axis, namely, rotation axis of the table, is an 
electronic component mount place, which place is dia- 
metrically opposite to the previously described elec- 
tronic component suck place with respect to the rota- 
tion axis 17 of the table 16. The printed wiring board 20 
124, on which the three sorts of electronic components 
are to be mounted, is supplied onto the X-Y table 122 
and held thereon by a feed device (not shown). As a 
result of an appropriate movement and/or rotation of 
the X-Y table 122, a portion of the board 124 on which 25 
portion an electronic component is to be mounted, is 
brought into the above indicated mount place. In FIG. 
2, the electronic component suck and mount places are 
indicated at Roman numerals I and II, respectively 
(hereinafter, referred to as Place I and Place II). 30 

A first and a second push member (not shown) are 
provided between the base member 10 and the table 16 
such that the first and second push niunbtTs aie aligned 
with Place I and Place n, respectively. The first and 
second push members are moved upward 
w ard by a firs t and a sec ond drive devicesV126 r J T2<£\ 
(Flo. 6), respectively, indepeildtml 6f 
When the first push member associated with Place I is 
moved downward, the push m ember pushes down the 
main body 30 of a mounting head 22, 24, 26 held at 40 
Place 1, and when the push member is moved upward, 
the main body 30 is moved upward due to the biasing 
force of the spring 44. The second push member associ- 
ated with Place II is operated similarly to the first push 
member. 45 

In the electronic component position error detect 
station 98, is provided an image pickup device 130. The 
image pickup device 130 is disposed at a location under 
a circular path along which the mounting heads 22, 24, 
26 are moved as the table 16 is rotated by the DD motor 50 
12, at which location none of the mounting heads is 
stopped. The image pickup device 130 takes a projected 
image of an electronic component held by a mounting 
head ,r , ™ w> lirh iff h«"g moved at a constant 
speed. The image-pickufidevi ce 130 includes a filte rand 55 
a lamp w hich emits anj iltraviolet light through the 
filter. The ultraviolet light emitted by the image pickup 
device 130js_absprt>ed by the fluorescent surface 60 or 
plate 78, 90 of a mounting head 22, 24, 26, respectively, 
which in turn emits a visible light toward the electronic 60 
component held by the mounting head. Thus, the image 
pickup device 130 takes a projected image of the elec- 
tronic component, and converts the taken image into 
binary coded signals. A control device (not shown) 
compares the thus obtained signals with reference bi- 65 
nary coded signals representative of a nominal position 
of the electronic component, and thereby calculates 
position errors AX, AY of the center of the rectangular 


electronic component held by the mounting head, and a 
rotation error A0 of the electronic component about the 
center thereof. The position error detecting operation in 
which a projected image of an electronic component is 
utilized, is taught in detail in Japanese Patent Applica- 
tion laid open under Publication No. 1-193897. By the 
way, since the electronic component held by a mount- 
ing head 22, 24, 26 is moved along a circular path, the 
radially outer portion of the electronic component is 
moved at a higher peripheral speed than that of the 
inner portion thereof. While taking into consideration 
this peripheral speed difference between the outer and 
inner portions of the electronic component, the above- 
indicated control device processes the projected image 
taken by the image pickup device 130. 

FIG. 6 shows a control device 140 for controlling the 
mounting operation of the present apparatus. The con- 
trol device 140 essentially is constituted by a microcom- 
puter including a central processing unit (CPU) 142, a 
read only memory (ROM) 144, a first and a second 
random access memories (RAMs) 146, 147, and a bus 
148 connecting the elements 142-147 to each other. An 
input interface 150 is connected to the bus 148. An input 
device 152, a printed wiring board control device 154, 
and a motor rotation amount detector 156 each are 
connected to the input interface 150. Through the input 
device 152, data required for effecting the mounting 
operation are supplied to the control device 140. The 
board control device 154 controls the feeding and posi- 
tioning of the printed wiring board 124, together with 
the position adjustment of the board 124 effected for 
accurately mounting an electronic component on a 
specified portion of the board 124. The motor rotation 
amount detector 156 measures an amount of rotation of 
the DD motor 12, and thereby measures a rotation 
amount of the table 16 when the table 16 is rotated by 
the DD motor 12 in a direction indicated at R in FIG. 
Z Each time a reference head detector switch 159 pro- 
vided at Place I detects dogs 157, 157 fixed to the table 
16 in alignment with the **L" heads 26A, 26B, respec- 
tively, the detector 156 resets its content (i.e., measured 
rotation amount) to zero. In other words, the detector 
156 measures a rotation amount of the table 16 within 
the range of 0 to 180 degrees. To the bus 148, an output 
interface 158 is connected. The DD motor 12 and the 
push member drive devices 126, 128 are connected to 
the output interface 158 via a first, a second and a third 
drive circuit 160, 162, 164, respectively. 

The first RAM 146 is a backup-type RAM that is 
capable of keeping the data stored therein because of 
utilizing an incorporated battery even if external power 
supply is cut off from the present apparatus. FIG. 7 
shows a first, a second and a third area 146a, 146b, 146c 
of the RAM 146. The first area 146a stores the previ- 
ously described equiangular distances, 28, 40, 80, prede- 
termined with respect to the "S" heads 22 of the first 
group, the "M" heads 24 of the second group, and the 
"L" heads 26 of the third group, respectively. The sec- 
ond area 1466 stores a predetermined angular distance 
between each of the fourteen heads 22A-22H, 24A-D, 
26A, 26B, and the closest one of the mounting heads of 
each of the two groups different from the group to 
which the mounting head belongs. The predetermined 
angular distances stored in the second area 1464 that is 
the distance between a mounting head of a first head 
group and the closest rearward related mounting head 
of a second head group ignoring any intervening 
mounting bead from any other head group, with respect 


03/16/2004, EAST Version: 1.4.1 


"S" Heads 

To Adjacent **M" Head 

To Adjacent "L" Head 

22A.22E 

6 

10 

22H, 22D 

30 

se 

22G,22C 

0 


22F.22B 

IB 

0 

~M" Heads 

To Adjacent "S" Head 

To Adjacent "L" Head 

24D, TAB 

0 

66 

24C24A 

. 0 

26 

"L" Heads 

To Adjacent "S" Head 

To Adjacent "M" Head 

26A,26B 

0 

20 


5,060,366 

13 14 

to the rotation direction R of the Table 16, are as fol- 147c 1474 147e, of the second RAM 147, which further 
lows: has a working memory (not shown). FIG. 9 shows an 

TABLE I electronic component" mount program stored in the 

ROM 144. The ROM 144 also stores a first and a second 
5 head group change program shown in FIGS. 10 and 11, 
respectively. 

There will be described the electronic component 
mounting operation carried out by the apparatus con- 
structed as described above, by reference to the flow 
10 chart of FIG. 9, and further described is the head group 
changing operation carried out by the present appara- 
tus, by reference to the flow charts of FIGS. 10 and 11. 
In the electronic component mounting operation, 

initially, the control of the CPU 142 begins with Step SI 

15 of the flow chart of FIG. 9, in which step the table 16 is 
As is understood from FIG. 2, provided that the table rotated by the DD motor 12 until the motor rotation 
16 is rotated by 180 degrees about the rotation axis 17, amount detector 156 resets its content to zero, namely, 
the relative angular position of each one of the three until one of the "L M heads 26A, 26B is moved to Place 
groups 22, 24, 26 with respect to each of the other two L Step SI is followed by Step S2 in which data indica- 
groups is maintained, although the two diametrically 20 tiveof the sort ofan electronic component to initially be 
opposite heads of each of the seven pairs, (22A, 22E), mounted is supplied from the printed wiring board con- 
(22H, 22D), (22G, 22C), (22F, 22B), (24D, 24B), (24C 1101 device 154 to the control device 140. Step S2 is 
24A), (26A, 26B), are replaced with each other. There- followed by Step S3 in which the CPU 142 controls the 
fore, the two heads of each of the pair or pairs belong- motor 12 via the first drive circuit 160 to move to 

ing to each one of the three groups 22, 24, 26, have the 25 Place I one of the mounting heads of the group 22, 24, 
same angular position with respect to the heads of the 26 which one group corresponds to the sort of the elec- 
other two groups, as indicated in TABLE I. tronic component to initially be mounted that is most 

The third area 146c of the first RAM 146 stojfiadata closely adjacent, or related, to Place I as viewed in the 
used for identifying which mounting head^^^^^ rotation direction R, according to the data stored in the 
held in Place I based on a rotation amount of the table 30 second area 146b of the first RAM 146. In the event that 
16 measured by the detector 156. As previously de- a mounting head of the third group 26 is used, for exam- 
scribed, the detector 156 measures a rot ation a mount of ple» the table 16 is- not rotated because one of the **L" 
the table 16 by using the "L*" hea(is26X, 26B>s refer- heads 26A, 26B of the third group is already positioned 
ence points. The third area 146c stores the following at Place L In the event that a mounting head of the 
data: 35 second or first group 24, 22 is required, data indicative 

TABLE II of distailce between the **L*' head 26A, 26B 

and the adjacent, or closest related, mounting head of 
the required group 24, 22, is read from the second area 
146b, so that the table 16 is rotated by a rotation amount 
40 equal to the read angular distance. Thus, a desired 
mounting head 22, 24, 26 is moved to Place 1 (electronic 
component suck place). 

Step S3 is followed by Step S4 in which data indica- 
tive of the equiangular distance between the mounting 
. 45 heads predetermined for the group to which the mount- 
ing head to initially be used belongs is read from the first 
For the previously described reason, the two heads of area 146a of the first RAM 146. Subsequently, the con- 
each of the six pairs, (22A, 22E), (22H, 22D), (22G, trol of the CPU 142 proceeds with Step S5 in which a 
22C), (22F, 22BX (24D, 24B), (24C, 24A), of the first mounting head held at Place I is operated for sucking an 
and second groups 22, 24 have the same angular posi- 50 electronic component and a mounting head held at 
tion with respect to the **L" heads 26A, 26B of the third Place II is operated for mounting an electronic compo- 
group 26. By utilizing the predetermined angular dis- nent on the board 124. 

tance of each of the "S" and "M" heads 22, 24 as mea- In the electronic component sucking operation, ini- 
sured from the "L" heads 26 A, 26B, the mounting head tially, the previously described, first push member is 
22, 24, 26 held in Place I, can be identified based on a 55 moved downward with a mounting head held at Place 
rotation amount of the table 16 measured by the detec- I until the tip of the sucking device 46, 72, 82 of the 
tor 156. Although in the present embodiment which one mounting head contacts an electronic component, and 
of the two heads of each of the seven pairs is held at subsequently the selector valve is switched into the 
Place 1, cannot be identified, this identification is not position allowing the vacuum to be supplied to the 
essential for carrying out the electronic component 60 sucking device, whereby the mounting head sucks the 
mounting operation. electronic component by means of the vacuum. In the 

As is apparent from the foregoing, the two heads of meanwhile, in the electronic component mounting op- 
each of the seven pairs of the three groups 22, 24, 26 are eration, initially, the second push member is moved 
operated in the same way. Therefore, the following downward with a mounting head held at Place II (elec- 
description is made with respect to one of the two heads 65 tronic component mount place) until an electronic com- 
of each pair. ponent held by the sucking device 46. 72, 82 contacts 

FIG. 8 shows a table rotation amount memory 147a the board 124, and subsequently the selector valve is 
and a first, a second, a third, and a fourth counter 1476, switched into the position allowing the ambient air 
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under atmospheric pressure to be supplied to the suck- ter, referred to as the "subsequent** group) is greater 
ing device, whereby the mounting head releases the than that of the current group. Since in the present 
electronic component on the board 124. When a mount- embodiment the three groups 22, 24, 26 of mounting 
ing head holding an electronic component is moved heads are supported by the table 16 with the different 
from Place I to Place II, the image pickup device 130 5 equiangular distances, 20, 40 and 80, respectively, there 
takes a projected image of the electronic component can be the two cases; the first case in which the equian- 
held by the mounting head. Based on the projected gular distance of the subsequent group is greater than 
image, position and rotation errors of the electronic that of the current group, and the second case in which 
component are determined. For eliminating the position the former is smaller than the latter. If the judgement in 
error of the electronic component, the X-Y table 122 is 10 Step S8 is affirmative, the control goes to Step S9, a first 
translated in the directions X, Y and the rotatable table head group change routine. On the other hand, if the 
associated with the X-Y table 122 is rotated. Thus, the judgement in Step SB is negative, the control goes to 
electronic component is mounted on the board 124 with Step S10, a second head group change routine. The 
sufficient position accuracy. flow charts of the first and second head group change 
After an electronic component has been mounted on IS routines are illustrated in FIGS. 10 and 11, respectively, 
the board 124, the control proceeds with Step S6 in In the present embodiment, the head group changing 
which it is judged whether or not it is needed to change operation is carried out in such a manner that the elec- 
tee head group 22, 24, 26 from that currently being used tronic component mounting operation and the elec- 
(hereinafter, referred to as the "current group"), to tronic component sucking operation concurrently are 
another, based on a head group change signal supplied 20 carried out by the mounting heads of the current group 
from the board control device 154. The board control and the mounting heads of the subsequent group. More 
device 154 has data indicative of the sorts and numbers specifically, all the components that are held by the 
of the electronic components to be mounted on the mounting heads of the current group situated between 
printed wiring board 124, data indicative of the move- Place I and Place II when a head group change signal is 
ment amounts of the X-Y table 122 necessary for bring- 25 generated, are mounted on the board 124 at Place II, 
ing, into Place II, respective portions of the board 124 while concurrently the mounting heads of the subse- 
on which electronic components are mounted, and so quent group are stopped at Place I so as to suck the 
on. The board control device 154 generates a head electronic components of the corresponding sort, 
group change signal at a time after the mounting head There will be described the head group changing 
held at Place I has sucked an electronic component and 30 operation carried out by the present apparatus with 
before the table 16 is rotated for moving the mounting respect to the above indicated first case, by reference to 
head forward from Place I. In the event that no head the flow chart of FIG. 10. In the event that the first 
group change is needed, namely, in the event that the group 22 is changed to the second group 24, for exam- 
judgement in Step S6 is negative (NO), the control goes pie, the apparatus carries out two different operations 
to Step S7 in which it is judged whether or not the 35 depending upon which "S" head of the first group 22 is 
overall mounting operation has been completed. In the held at Place I at the time of generation of the head 
event that the judgement in Step S7 is negative, the group change signal, because two "S" heads 22 are 
control returns to Step S5 in which the electronic com- provided between each pair of adjacent two "M" heads 
ponent sucking and mounting operation is effected. So of the second group 24. Accordingly, first, in Step S101 
long as a head group change is not needed and the 40 it is identified which "S" head 22 of the first group is 
overall mounting operation is not ended, Steps S5-S7 held at Place I, based on a motor rotation amount mea- 
are repeated. Thus, the table 16 is rotated intermittently sured by the detector 156 and the data stored in the 
by the intermittent rotation amount equal to the equian- third area 146c of the first RAM 146 (TABLE II). Step 
gular distance between the mounting heads predeter- S101 is followed by Step S102 in which an angular 
mined for the current group 22, 24, 26. Each time the 45 distance a between the identified "S" head 22, and the 
table 16 is rotated by the intermittent rotation amount, "M" head 24 which is adjacent, or most closely related 
one of the mounting heads of the current group sucks an to, to the "S" head 22 on the rear side of the **S" head 
electronic component at Place I and concurrently the 22 as viewed in the rotation direction R of the table 16, 
diametrically opposite, corresponding mounting head is read from the second area 146/) of the first RAM 146 
of the same group mounts an electronic component on SO (see TABLE I). If a head group change signal is gener- 
the board 124 at Place II. In Step S5, normally, the ated in the situation shown in FIG. 2, it is determined 
electronic component sucking and mounting operation from the motor rotation amount measured by the detec- 
begins with an intermittent rotation of the table 16 by tor 156 that the rotation amount of the table 16 is 0, and 
the rotation amount equal to the equiangular distance further it is determined from the data stored in the third 
predetermined for the current group. However, no 55 area 146c that the mounting head held at Place I is the 
rotation of the table 16 is needed when the initial one of "S" head 22A (or 22E). Further, it is determined from 
the same electronic components of a certain sort is the second area 1466 that the "M" head 24D is adjacent 
sucked, because the mounting head for sucking the to the "S" head 22A and therefore the angular distance 
initial electronic component has already been held at a therebetween is 0. 

Place I. 60 Step S102 is followed by Step S103 in which the 

In the event that the printed wiring board control angular distance a=0 is divided by the equiangular 

device 154 generates a head group change signal, the distance, 20, predetermined for the current, first group 

judgement in Step S6 turns affirmative (YES), and the 22, so as to determine a quotient N (whole number or 

control of the CPU 142 goes to Step SS in which it is integer) and a remainder 0. Thus, it is determined how 

judged whether or not the equiangular distance be- 65 many intermittent rotations of the table 16 each by the 

tween the mounting heads predetermined with respect intermittent rotation amount 20, are needed for moving 

to a group which is to be subsequently used, or next the adjacent **M" head 24D to Place I where at present 

used, in mounting the electronic components, (hereinaf- the "S M head 22A is held. Subsequently, in Step S104 it 
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is judged whether or not the number N is greater than 
zero. If the judgement in Step S104 is affirmative, 
namely, if the number N is greater than zero, steps 
S105-S108 are implemented so that the table 16 inter- 
mittently is rotated by N times by the intermittent rota- 5 
tion amount 20 which equal to the equiangular distance 
of between mounting heads the current* first group 22 
for each of the N times intermittent rotations, whereby 
the "S" components held by the "S" heads 22 are 
mounted on the board 124 at Place II. Specifically, in 10 
Step S105 the table 16 is rotated one time by the inter- 
mittent rotation amount 20 and the content of the table 
rotation amount memory 147a of the 25 second RAM 
147 is incremented by the rotation amount 20. In Step 
106 the U ST component held by one of the **S" heads 22 15 
is mounted on the board 124 at Place n, and in Step 
S107 the content CI of the first counter \41b of the 
second RAM 147 is incremented by one. Subsequently, 
in Step S108 it is judged whether or not the content CI 
is equal to, or greater than, the number N. If the judge* 20 
ment in Step S108 is affirmative, Step S108 is followed 
by Step S109 in which the content CI of the first 
counter 141b is reset to zero. 

Step S109 is followed by Step S110 in which the table 
16 is rotated by the remainder & determined in Step 25 
S103 so that the adjacent "M" head 24 ("M" head 24D) 
is moved to, and held at, Place I. This means that the 
intermittent rotation amount by which the table 16 
intermittently is rotated, is changed from a rotation 
amount equal to the equiangular distance 26 predeter- 30 
mined for the first group 22, to a different rotation 
amount equal to the remainder £. In the present head 
group change case in which the equiangular distance of 
the subsequent group is greater than that of the current 
group, the table 16 is rotated by a rotation amount equal 35 
to the smaller one (e.g., 26) of the equiangular distances 
predetermined for the current and subsequent groups, 
for moving each of the mounting heads of the current 
group to Place II, and concurrently is rotated by a 
different rotation amount (e.g., £) for moving the adja- 40 
cent mounting head of the subsequent group to Place I. 
In other words, if any one of the mounting heads of the 
current group is moved to Place II before the adjacent 
mounting head of the subsequent group is moved to 
Place I, each of those mounting heads of the current 45 
group is stopped at Place II for mounting on the board 
124 the electronic component that has been held 
thereby. Since in the example of FIG. 2 the head group 
changing operation is started with the W S" head 22A of 
the first group held at Place I, the number N=0 and the 50 
rotation amount 0—0 are determined in Step S103. 
Therefore, the judgement in Step S104 is negative, and 
the control of the CPU 142 skips Steps S105-S109 and 
goes to Step S110 in which the table 16 is rotated by the 
rotation amount 0=0 so that the "M" head 24D is 55 
moved to Place I where the "M" head 24D sucks an 
"M" component 116. The content of the table rotation 
amount memory 147a is incremented by the rotation 
amount While the table 16 is rotated for moving the 
**M" head 24D to Place I, the electronic component 60 
supply table 100 is moved along the path A so that the 
unit 104 for supplying the W M" components 116 is 
brought into the electronic component supply place. 

Step S110 is followed by Step Sill in which the 
adjacent mounting head ("M" head 24D) is pushed 65 
downward for sucking the "M" component and is 
moved upward due to the biasing force of the spring 44 
after the sucking. Subsequently, in Step S112 the table 


366 

18 

16 is rotated by a rotation amount (6) determined by 
subtracting the remainder &(=0) from the equiangular 
distance (20) of the current group, so that the "S" head 
22D holding the **S M component is moved to Place II. 
The content of the table rotation amount memory 147a 
is incremented by the rotated rotation (6). In the situa- 
tion in which the above indicated, adjacent mounting 
head of the subsequent group is held at Place I, none of 
the mounting heads of the current group can be held at 
Place n. In the event that there is still left between 
Place I and Place II any mounting head of the current 
group that holds the electronic component, it is re- 
quired to change the intermittent rotation amount from 
the rotation amount equal to the remainder 03) to the 
equiangular distance (26) of the current group. 

Step S112 is followed by Step S113 in which one of 
the mounting heads of the current group ("S" head 
22D) is moved downward for mounting the electronic 
component ("S" component) on the board 124 and is 
moved upward due to the biasing force otthe spring 44 
after the mounting. Step S113 is followed by Step S114 
in which it is judged whether or not the rotation amount 
of the table 16 has exceeded a predetermined value 
(hereinafter, referred to as the "cycle rotation amount**) 
equal to the greater one of the equiangular distances 
predetermined with respect to the current and subse- 
quent groups. In the present case, the cycle rotation 
amount is the equiangular distance of the subsequent 
group (e.g., equiangular distance 46 of the second group 
24). Since the table 16 has been rotated by 0 in each of 
Steps SI 10 and SI 12, the total rotation amount of the 
table 16 is 20. Therefore, the judgement in Step S114 is 
negative, and the control goes to Step S115. 

In Step SI 15 a rotation amount determined by sub- 
tracting the content of the memory 147a, namely, accu- 
mulated rotation amount of the table 16, from the subse- 
quent cycle rotation amount, is divided by the equian- 
gular distance of the current group to obtain a quotient 
M (whole number or integer). Since the number of the 
mounting head or heads of the subsequent group which 
can be provided within the range of the cycle rotation 
amount is one, the intermittent rotation amount chang- 
ing operation is carried out one time, for moving the 
adjacent mounting head of the subsequent group to 
Place I. After Steps S110-S113, the table 16 is rotated 
by M times by the intermittent rotation amount equal to 
the equiangular distance of the current group for each 
time, until the content of the table rotation memory 
147a coincides with the subsequent cycle rotation 
amount In this process, each of the mounting heads of 
the current group which carries the electronic compo- 
nents mounts the electronic component on the board 
124 at Place IL 

In the example shown in FIG. 2, the number M = l is 
determined in Step S115. Therefore, the control goes to 
Step S116 in which the table 16 is rotated by the rota- 
tion amount 20 so that the "S" head 22C is moved to 
Place II, and in Step S117 the "S" head 22C mounts the 
"S** component on the board 124. 

Step S117 is followed by Step S118 in which the 
content C2 of the second counter 147c of the second 
RAM 147 is incremented by one. Subsequently, in Step 
S119 it is judged whether or not the content C2 is equal 
to, or greater than, the number M. If the content C2 is 
smaller than the number M, the control of the CPU 142 
returns to Step S116, whereby the table 16 is rotated by 
the rotation amount equal to the equiangular distance of 
the current group and the electronic component held by 
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one of the mounting heads of the current group is FIG. 9, so that the table 16 is rotated by the intermittent 
mounted on the board 124. rotation amount equal to the equiangular distance (40) 

In the example of FIG. 2, since the number M is one of the subsequent group for each of the intermittent 
as described above, the judgement in Step S119 is affir- rotations thereof, whereby the "M" components are 
mative. Accordingly, the control goes to Step S120 in 5 sucked from the supply unit 108 at Place I and mounted 
which the content C2 is reset to zero, and in Step S121 on the board 124 at Place li- 
the content C3 of the third counter 147</ of the second Next, there will be described the head group chang- 
RAM 147 is incremented by one. The third counter ing operation for changing the first group to the second 
1474 counts a quotient T (whole number or integer) group with respect to the situation shown in FIG. 12 in 
determined by dividing an angular distance (80) be- 10 which a head group change signal is generated with the 
tween Place I and Place II by the subsequent cycle **S" head 22H held at Place I. In Step S101, that the "S** 
rotation amount (40). head 22H is held at Place I is identified based on a rota- 

In the present embodiment, the number T is two tion amount of the table 16 as measured from the refer- 
because the angular distance between Place I and Place ence point ("L" head 26A) which amount is measured 
II is 80 and the cycle rotation amount is 40. Therefore, 15 by the detector 156. Subsequently, in Step S102 the 
the judgement in Step S122 is negative, and Step S122 is angular distance a =30 is determined based on the data 
followed by Step S123 in which the content of the table stored in the second area 1466. In Step S103 the number 
rotation amount memory 147a is reset to zero. Then, the N= 1 and the rotation amount /J=0 are determined, 
control of the CPU 142 goes back to Step S104 and the Then, the cycle of Steps S105-S108 is carried out one 
following Steps 105-S121, so that the "NT head 24C is 20 time so that the "S M component held by the "S" head 
moved to Place II where the "NT head 24C sucks an 22C is mounted on the board 124 at Place II. Further, 
M M" component 116, and that the "S w heads 22B, 22A Steps S110-S113 are executed so that the adjacent "M" 
are moved in order to Place II where the M S" heads head 24C is held at Place I and sucks an "M" compo- 
22B, 22A mount the "S" components 118 in order on nent 116 and subsequently the "S" head 22B is held at 
the board 124. Thus, all the "S" components held by the 25 Place II and mounts the "S" component 118 on the 
"S" heads 22 situated between Place I and Place II board 124. As a result of execution of Steps S105-S108 
when the head group change signal is generated by the the table 16 is rotated by 20, and as a result of execution 
board control device 154, are mounted on the board ofeachof StepsSllO and S112 the table 16 is rotated by 
124^ In this way, the judgement in Step S122 turns affir- 0. Thus, as a result of execution of Steps S105-S113 the 
mative. 30 table 16 is rotated by 40. Therefore, the judgement in 

If the judgement in Step S122 is affirmative, the con- Step S114 is affirmative (YES), and the control of the 
trol goes to Step S124 in which the content C3 of the CPU 142 skips Steps S115-S120 and goes to Step S121. 
third counter 147rf is reset to zero, and subsequently in Since the cycle number T is two, the judgement in Step 
Step S125 the content C4 of the fourth counter 147e is S122 is negative (NO), and the cycle of Steps 
incremented by one. Step S125 is followed by Step S126 35 S104-S114 is carried out once more, and in Step S128 
in which it is judged whether or not the content C4 is the table 16 is rotated by the intermittent rotation 
equal to, or greater than, a quotient U (whole number or amount equal to the angular distance a =30. Thus, the 
integer) determined by dividing the angular distance head group changing operation is completed, 
between Place I and Place II by an angular distance The flow chart of FIG. 10 also applies to the head 
between the two "L" heads 26A, 26B. As a result of 40 group changing operations for changing the first group 
execution of Steps S104-S125, the mounting head held to the third group and for changing the second group to 
at Place I when a head group change signal is gener- the third group. Since four **S" heads 22 of the first 
ated, is rotated by the rotation amount equal to the group are provided between the two **L" heads 26 of 
angular distance between the two **L" heads 26A, 26B. the third group, the apparatus carries out four different 
Therefore, if the number U is more than one, it is re- 45 operations for changing the first group to the third 
quired to repeat Steps S104-S125 by U times, for mov- group. Similarly, since two "M" heads 24 of the second 
ing to Place II the mounting head which is held at Place group are provided between the two heads 26 of 
I when a head group change signal is generated. There- the third group, the apparatus carries out two different 
fore, it can be said that in Step S126 it is judged whether operations for changing the second group to the third 
or not Steps S104-S125 have been carried out by the U 50 group. 

times. First, there will be described the head group chang- 

In the present apparatus, the number U is one because ing operation from the first group to the third group 
the angular distance between Place I and Place II is 80, with respect to the example shown in FIG. 13 in which 
and the angular distance between the two M L" heads a head group change signal is generated when the M S" 
26A 26B is 80, too. Therefore, the judgement in Step 55 head 22A is held at Place I. In this example, the angular 
S126 is affirmative. Step S126 is followed by Step S127 distance ct=70, the number N=3, and the rotation 
in which the content C4 of the fourth counter 12W is amount fi=0 are determined in Steps S102 and S103. 
reset to zero. Subsequently, in Step S128 the table 16 is The cycle of Steps S105-S108 is repeated three times so 
rotated by the intermittent rotation amount equal to the that the table 16 is rotated by the rotation amount 20 for 
angular distance a. Thus, a pair of diametrically oppo- 60 each of the three times, namely, that the "S" heads 22D, 
site mounting heads of the subsequent group are moved 22C, 22B mount the "S" components 118 on the board 
to, and held at, Place I and Place II, respectively. This 124 at Place II. Subsequently, in Step S110 the table 16 
means the completion of the head group changing oper- is rotated by the rotation amount 0 so that the "L" head 
atjon. 26B is moved to, and held at, Place I. In Step Sill the 

In the example of FIG. 2, the head group changing 65 M L** head 26B sucks an *'L** component 114. In Step 
operation is completed when the "NT heads 24B, 24D S112 the table 16 is rotated by the rotation amount 0 so 
are held at Place I and Place II, respectively. After Step that the the "S" head 22A is held at Place II, and in Step 
S128, the control of the CPU 142 returns to Step S5 of S113 the **S" head 22A mounts the "S" component 118 
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od the board 124. Since in this example the cycle num- component 114. In Step S112 the table 16 is rotated by 
ber T is one, and since in the present apparatus the unit 8 so that the "S" head 22A is held at Place II, and in 
number U is one, the judgements in both Steps S122 and Step SI 13 the "S" head 22 A mounts the "S" component 
S126 are affirmative. Therefore, in Step S128 the table 118 on the board 124. Further, the cycle of Steps 
16 is rotated by the rotation amount 70. Thus, the head 5 S116-S119 is carried out three times so that the "S" 
group changing operation is ended. heads 22H, 22G, 22F are held in order at Place II and 

Next, with respect to the example of FIG. 14 in mount the "S" components 118 on the board 124. In 
which a head group change signal is generated when Step S128 the table 16 is rotated by 0, and thus the head 
the "S" head 22H is held at Place I, the head group group changing operation is ended, 
changing operation from the first head group to the 10 Next, the head group changing operation for chang- 
third head group will be described. In this example, the ing the second head group to the third head group will 
angular distance o «50, the number N=2, the rotation be described with respect to the example of FIG. 17 in 
. amount /3=0, the number M= 1, and the number T= 1 which a head group change signal is generated when 
are determined in Steps S102, S103, S115 and S122. the "M" head 24D is held at Place I. In this example, the 
Accordingly, the cycle of Steps S105-S108 is carried 13 angular distance a =60, the number N=l, the rotation 
out two times so that the table 16 is rotated by the rota- amount jS =20, the number M =0, and the number T= 1 
tion amount 28 for each of the two times, namely, that are determined in Steps S102, S103, S115 and S122. The 
the M S" heads 22C, 22B mount the "S" components 118 cycle of Steps S105-S108 is carried out one time so that 
on the board 124 at Place 1L Subsequently, in Step S110 the "M" head 24A mounts the M M" component 116 on 
the table 16 is rotated by the rotation amount 0 so that 20 the board 124 at Place EL In Step S110 the table 16 is 
the "L" head 26B is moved to, and held at, Place L In rotated by 30 so that the M L" head 26B is held at Place 
Step Sill the "L" head 26B sucks an "L" component I. In Step Sill the M L M head 266 sucks an "L" compo- 
114. In Step S112 the table 16 is rotated by the rotation nent 114. In Step S112 the table 16 is rotated by 20 so 
amount 0 so that the "S" head 22A is moved to, and that the "M" head 24D is held at Place II, and in Step 
held at, Place II, and in Step S113 the "S" head 22A 23 Si 13 the "M" bead 24D mounts the "M" component 
mounts the "S" component 118 on the board 124. Fur- 116 on the board 124. Further, in Step S128 the table 16 
ther, the cycle of Steps S116-S119 is carried out one is rotated by 60 so that the M L" head 26A is moved to 
more time so that the "S" head 22H is moved to, and Place L Thus, the head group changing operation is 
held at, Place II and mounts the "S" component 118 on ended. 

the board 124. Finally, in Step S128 the table 16 is ro- 30 Next, with respect to the example of FIG. 18 in 
tated by the rotation amount $6, and the head group which a head group change signal is generated when 
changing operation is ended. the "M" head 24C is held at Place I, the head group 

Further, with respect to the example of FIG. 15 in changing operation for changing the second head group 
which a head group change signal is generated when to the third head group will be described. In this exam- 
the **S" head 22G is held at Place I, the head group 35 pie, the angular distance a =20, the number N=0, the 
changing operation for changing the first head group to rotation amount & =28, the number M — 1 , and the num- 
the third head group will be described. In this example, ber T— 1 are determined in Steps S102, S103, S115 and 
the angular distance a =30, the number N= 1, the rota- S122. The cycle of Steps S105-S108 are skipped. In 
tion amount £=0, the number M— 2, and the number Step S110 the table 16 is rotated by 20 so that the "L" 
T=l are determined in Steps Si 02, S103, S115 and 40 head 26B is held at Place I. In Step Sill the M L" head 
S122. The cycle of Steps S105-S108 is carried out one 26B sucks an **L" component 114. In Step SI 12 the 
time so that the table 16 is rotated by the rotation table 16 is rotated by 20 so that the M M" head 24D is 
amount 28, namely, that the "S" head 22B mounts the held at Place II, and in Step S113 the "M" head 24D 
"S" component 118 on the board 124 at Place II. Subse- mounts the M M" component 116 on the board 124. Sub- 
quently, in Step S110 the table 16 is rotated by the rota- 45 sequently, the cycle of Steps SU6-S119 is carried out 
tion amount 0 so that the M L" head 26B is moved to, and one time so that the "M" head 24C is held at Place II 
held at, Place I. In Step Sill the "L" head 26B sucks an and mounts the "M" component 16 on the board 124. 
"L" component 114. In Step S112 the table 16 is rotated Further, in Step S128 the table 16 is rotated by 30 so 
by the rotation amount 0 so that the **S" head 22A is that the "L" head 26A is moved to Place L Thus, the 
held at Place II, and in Step S113 the "S" head 22A 30 head group changing operation is ended, 
mounts the "S" component 118 on the board 124. Fur- Next, there will be described the previously de- 
ther, the cycle of Steps S116-SU9 is carried out two scribed, second case in which the equiangular distance 
times so that the **S" heads 22H, 22G are moved to, and of the subsequent group is smaller than that of the cur- 
held at, Place II and mount the "S M components 118 on rent group. This head group changing operation is car- 
the board 124. In Step S128 the table 16 is rotated by the 53 ried out according to the flow chart of FIG. 11. 
rotation amount 38, and thus the head group changing First, the head group changing operation for chang- 
operation is ended. ing the third head group to the first head group will be 

With respect to the example of FIG. 16 in which a described with respect to the example of FIG. 19 in 
head group change signal is generated when the *'S" which a head group change signal is generated when 
head 22F is held at Place I, the head group changing 60 the "L" head 26A is held at Place 1. In Step S201, the 
operation for changing the first head group to the third angular distance a=0 is determined in a manner similar 
head group will be described. In this example, the angu- to that of Step S102 of FIG. 10. That is, the angular 
lar distance a— 0, the number N=0, the rotation distance a between the "L" head 26A of the third group 
amount /J=0, the number M=3, and the number T= 1 held at Place I, and the "S" head 22A of the first group 
are determined in Steps S102, S103, S115 and S122. The 65 which is adjacent to the "L" head 26A on the rear side 
cycle of Steps S105-S108 is skipped. In Step S110 the of the head "L" 26A as viewed in the rotation direction 
table 16 is rotated by 0 so that the head 26B is held R of the table 16, is read from the second memory 1466 
at Place II. In Step Sill the "L" head 26B sucks an "L" (TABLE I). In Step S202 a value determined by sub- 
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trading the angular distance a from the cycle rotation heads of the subsequent group are moved to Place I and 
amount, is divided by the equiangular distance of the Place II. respectively. Thus, the head group changing 
subsequent group so as to obtain a quotient N' and a operation is finished. 

remainder a\ The cycle rotation amount used in Step Next, the head group changing operation for chang- 
S202 is the same as that used in Step SI 14 of FIG. 10, 5 ing the third head group to the second head group will 
namely, the greater one of the equiangular distances of be described with respect to the example of FIG. 20 in 
the current and subsequent groups. In this example, the which a head group change signal is generated when 
cycle rotation amount is the equiangular distance 80 of the "L" head 26A is held at Place I. In this example, the 
the third group, and the number N'=3 and the rotation angular distance a=20 is determined in Step S201. The 
amount J3'=0 are determined in Step S202. Step S202 is 10 cycle rotation amount is 80, and the number N'= 1 and 
followed by Step S203 in which the table 16 is rotated the rotation amount ff—lB are determined in Step 
by the rotation amount a so that one of the mounting S202. In Step S203 the table 16 is rotated by 20 so that 
heads of the subsequent group ("S" head 22A of the first the **M M head 24D is moved to Place I. In Step S204 the 
group) is moved to Place I. In Step S204 the mounting "M" head 24D sucks an "M" component 116. Subse- 
head held at Place II sucks an electronic component of IS quently, the cycle of Steps S205-S208 is carried out one 
the corresponding sort ("S" component 118). Subse- time so that the table 16 is rotated by 40 and the "M" 
quently, the cycle of Steps S205-S208 is carried out by head 24C is moved to Place I, and that the "M" head 
N' times so that the table 16 is rotated by the intermit- 24C sucks an **M" component 116 at Place I. Subse- 
tent rotation amount equal to the equiangular distance quently, in Step S210 the table 16 is rotated by 29 so that 
of the subsequent group for each of the N' times inter- 20 the "L" head 26A is moved to Place II. In Step S211 the 
mittent rotations and that the mounting heads of the "L" head 26A mounts the **L W component 114 on the 
subsequent group ("S" heads 22H, 22G, 22F of the first board 124. Thus, the table 16 has been rotated by the 
group) suck electronic components of the correspond- cycle rotation amount 80. In Step S218 the table 16 is 
ing sort ("S" components) at Place I. Subsequently, in rotated by 29 so that the "M" heads 24B, 24D are 
Step S210 the table 16 is rotated by the rotation amount 25 moved to Place I and Place II, respectively. Thus, the 
£(0) so that one of the mounting heads of the current head group changing operation is finished, 
head group ("L" head 26A) is moved to Place II. In Further, the head group changing operation for 
Step S211 the mounting head held at Place II mounts changing the second head group to the first head group 
the electronic component "L" component 114) on the will be described with respect to the example of FIG. 21 
board 124. 30 in which a head group change signal is generated when 

In the present head group change case in which the the "M" head 24A is held at Place I. The angular dis- 
equiangular distance of the subsequent group is smaller tance a~ 9 is determined in Step S201. The cycle rota- 
than that of the current group, a plurality of mounting tion amount is 40, and the number N'= 1 and the rota- 
heads of the subsequent group are situated between one tion amount 9 are determined in Step S202. In Step 
of the mounting heads of the current group held at 35 213 the cycle number T=2 is determined. In Step S203 
Place I when a head group change is signal is generated, the table 16 is rotated by 0 so that the "S" head 22B is 
and an adjacent mounting head of the same group as moved to Place I. In Step S204 the "S" head 22B sucks 
viewed in the rotation direction R. Therefore, before an "S" component 118. Subsequently, the cycle of Steps 
the mounting head or heads of the current group which S205-S208 is carried out one time so that the table 16 is 
is/are situated between Place I and Place II when a 40 rotated by 20 for moving the M S" head 22A to Place I 
head group change signal is generated, is/are moved to and that the "S w head 22A sucks an "S" component 118 
Place II, the plurality of mounting heads of the subse- at Place I. Subsequently, in Step S210 the table 16 is 
quent group are moved to Place I. For moving the rotated by 0 so that the "M" head 24B is moved to Place 
mounting heads of the subsequent group to Place I, it is II. In Step S211 the "M" head 24B mounts the *'M" 
required that the intermittent rotation amount by which 45 component 116 on the board 124. Thus, the table 16 has 
the table 16 intermittently is rotated, be changed from been rotated by the cycle rotation amount 40. Since the 
the rotation amount equal to the equiangular distance of cycle number T' is two in this example, the cycle of 
the current group to the rotation amount equal to the Steps S203-S212 is carried out one more time so that 
angular distance a. Subsequently, the intermittent rota- the "M" head 24A held at Place I is moved to Place II 
tion amount is changed again from the rotation amount 50 where the "M" head 24A mounts the M M" component 
ato the equiangular distance of the subsequent group, 116 on the board 124. The judgements in both Steps 
by which the table 16 intermittently is rotated by the N' S213 and S216 are affirmative. In Step S218 the table 16 
times so that the mounting heads of the subsequent is rotated by 0 so that the "S" heads 22F, 22B are 
group suck the electronic components of the corre- moved to Place I and Place II, respectively. Thus, the 
sponding sort. Subsequently, one of the mounting heads 55 head group changing operation is finished, 
of the current group which holds the electronic compo- In the present embodiment, the three groups of 
nent is moved to Place II where the mounting head mounting heads 22, 24, 26 are supported by the table 16 
mounts the electronic component on the board 124. such that the mounting heads of each of the three 

The cycle number V used in Step S213 of this pro- groups are spaced apart from each other by a corre- 
gram is the same as that used in Step S212 of the pro- 60 sponding one of the three different equiangular dis- 
gram of FIG. 10. With respect to the example of FIG. tances, 20, 40, 80. Accordingly, the normal, electronic 
19, the cycle number V is one. Therefore, the judge- component mounting (sucking and releasing) operation 
ment in Step S213 is affirmative. Further, in the present is carried out by the mounting heads of the each head 
apparatus the unit number U is one as previously de- group 22, 24, 26, while the mounting heads are moved 
scribed. Therefore, the judgement in Step S216 is affir- 65 to Places I, II as the table 16 is rotated by the intermit- 
mative now after the execution of Steps S203-S215. In tent rotation amount equal to the corresponding equian- 
Step S218 the table 16 is rotated by the rotation amount gular distance for each of the intermittent rotations 
a(0) so that a pair of diametrically opposite mounting thereof. In addition, the number of the small-size elec* 
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tronic components ( M S" components) to be mounted on equal to that of each of the other two sorts. In the event 
a printed wiring board is the largest of the three sorts, that the head sort change from the sort A to the sort B 
small-size, medium-size and large-size, as previously is carried out, the electronic component mounting and 
described. Accordingly, the number of the mounting sucking operations concurrently are . effected by the 
heads of the first group 22, which serve for mounting 5 mounting heads of the son A and the sort B, respec- 
the small-size electronic components, is the largest of tively, as the table 200 is rotated by the intermittent 
the three head groups 22, 24, 26. Therefore, the mount- rotation amount which is alternately changed between 
ing heads of the first group 22 are moved by the smallest the different rotation amounts, 6a and Ob indicated in 
intermittent rotation amount, 28, namely, the mounting the figure. Alternatively, it is possible to effect the 
heads of the first group 22 are moved to the electronic 10 above indicated concurrent mounting and sucking oper- 
component suck and mount places (Place I and Place II) ations by rotating the table 200 by a single common 
in a relatively short time. Thus, the efficiency of the intermittent rotation amount 6a that allows the mount- 
normal mounting operation is improved. ing heads of both the sorts A and B to be stopped at 

Further, the present apparatus is operated in the man- Place I and II. While in the preceding embodiment each 
ner that, at the time of a transition from one head group 15 of the mounting heads of the third group 26, which 
to another, the electronic component sucking and group consists of the smallest number of mounting 
mounting operations concurrently are effected by the heads, is used as the reference head for measuring a 
mounting heads of the current and subsequent groups. rotation amount of the table 16 based on which a mount- 
Thus, the head group changing operation (i.e. t transi- ing head held at Position I is identified, in the instant 
tional mounting operation) is carried out in a short time 20 embodiment two of the four mounting heads of one of 
as compared with the manner in which all the electronic the three head sorts A, B, C are used for the same pur- 
components held by the mounting heads of the current pose. Generally, it is possible to use for this purpose at 
group are mounted on a printed wiring board before the least one of the mounting heads of one of the different 
mounting heads of the subsequent group suck electronic head groups or sorts which one head group consists of 
components. That is, the efficiency of the transitional 25 the smallest number of mounting heads, 
mounting operation is improved. Thus, the present ap- Although in the illustrated embodiments the position 
paratus exhibits excellent mounting efficiency with re- error of an electronic component held by a mounting 
spect to both the normal and transitional mounting head is detected while the mounting head is moved, it is 
operations. possible to adapt the apparatus to detect it while the 

In the present embodiment, during the head group 30 mounting head is stopped, 
changing operation, the intermittent rotation amount is Further, it is possible to replace the mounting head 
changed from the rotation amount equal to the equian- 22, 24, 26 and the image pickup device 130 employed in 
gular distance predetermined with respect to the cur- the illustrated embodiments, with an arrangement dis- 
rent group, to the rotation amount equal to the remain- closed in Japanese Utility Model Application laid open 
der & f? t so that the mounting head or heads of the 35 under Publication No. l(64)-26900 in which the mount- 
subsequent head group is/are stopped at Place I. How- ing head includes a sucking pipe which extends through 
ever, except for the intermittent rotation or rotations for the thickness of a light emitter, and a light diffusing 
the above indicated, stopping or stoppings of the head plate secured to the free end of the sucking pipe. In the 
or heads of the subsequent group at Place I, the table 16 disclosed arrangement, the light emitted from the light 
is rotated by the rotation amount equal to the smaller 40 emitter is diffused by the light diffusing plate, so that the 
one of the equiangular distances predetermined with diffused light is used for irradiating an electronic corn- 
respect to the current and subsequent groups. There- ponent held by the mounting head and thereby produc- 
fore, the head group changing operation is completed in ing a projected image of the electronic component, 
a short time as compared with the manner in which the Furthermore, it is possible to use a mounting head of the 
concurrent sucking and mounting operations are ef- 45 jaw chuck type in place of the suction type mounting 
fected as the table 16 is rotated intermittently by using a head 22, 24, 26 used in the illustrated embodiments, 
single, common intermittent rotation amount (in the While the present invention has been described in 
present embodiment, 6 or 29) which allows the mount- detail in its presently preferred embodiments, it is to be 
ing heads of both the current and subsequent groups to understood that the present invention is by no means 
be stopped at Place I and Place II. In other words, the 50 limited to the details of the illustrated embodiments and 
present apparatus completes the head group changing that the present invention may be embodied with other 
operation by stopping the table 16 fewer times. How- changes, modifications and improvements that occur to 
ever, the apparatus may be operated in the above indi- those skilled in the art without departing from the spirit 
cated, somewhat inefficient manner. and scope of the invention as defined in the appended 

As emerges from the foregoing description, in the 55 claims, 

present embodiment, a portion of the ROM 144 which What is claimed is: 

stores the programs, S101-S128 and S201-S218 of 1. An apparatus for mounting different sorts of elec- 

FIGS. 10 and 11, and the CPU 142 executing those tronic components on a substrate, comprising: 

programs cooperate with each other to serve as chang- a table rotatable about an axis; 

ing means for changing the intermittent rotation amount 60 a plurality of groups of mounting heads supported by 

from one of a plurality of predetermined rotation said table, each of the head groups consisting of a 

amounts to another of the same. plurality of identical mounting beads different from 

Another embodiment of the present invention is illus- the mounting heads of the other head group or 

trated in FIG. 22. In this embodiment, three sorts of groups, the mounting heads of said each head 

mounting heads A, B, C are supported by a table 200 65 group taking an electronic component of a corre- 

rotatable about an axis 202, such that the four mounting sponding one of said different sorts, from an elec- 

heads of each one of the three sorts are spaced apart tronic component supply device, and mounting 

from each other by an equiangular distance, 90 degrees, said electronic component on a substrate, said 
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mounting heads of said each head group being 
supported by said table such th at said mount ing 
heads of said each head group are eq ujangularly 
distant from each other on a circle \vhosgxenter is 
located on saiH"ax^of^33iBIel 5 

drive means for intermittently rotating- said-table 
about saidj^y^ajgjdrive.mearis rotatrng^ahttable 
by one of a^pl urality of pr c d e termin ed-rotation 
amount s for__ e^h-of^the^interrmttent--rotations 
thereof, said plurality__pjLrotatiDJj--ainoimts includ- 10 
ing a rotation amount equal to the equiangular 
distance predetermined with respect to said mount- 
ing heads of said each head group; and 

changing means for^ hanging from said o ac^of said 
rotation amounts to anot h er of sa id rotatirm 15 
amounts. 

2. The apparatus as set forth in claim 1, wherein the 
equiangular distance predetermined with respect to the 
mounting heads of said each head group is di fferent 
from the equiangular distance predeter mined witfiTFe- 20 
spect to the mounting~BeaQTof each of the other head 
group or groups. 

3. The apparatus as set forth in claim 1, wherein each 
of the mounting heads of said each head group is related 

to a closest one of the mounting heads of each of said 25 
other head group or groups on the rear side of said each 
mounting head of said each head group as viewed in a 
direction of rotation of said table, said rotation amounts 
further including a rotation amount equal to a predeter- 
mined angular distance between said closest one mount- 30 
ing head of said each of said other head group or 
groups, and a closest one of the mounting heads of said 
each head group on the front side of said closest one 
mounting head of said each of said other head group or 
groups as viewed in the rotation direction of said table. 35 

4. The apparatus as set forth in claim 1, wherein said 
head groups comprise a first, a second and a third head 
group, the number of the mounting heads of said third 
head group being twice the number of the mounting 
heads of said second head group, the number of the 40 
mounting heads of said second head group being twice 
the number of the mounting heads of said first head 
group. 

5. The apparatus as set forth in claim 4, wherein said 
first, second and third head groups consist of two, four 45 
and eight mounting heads, respectively, the fourteen 
mounting heads of said first, second and third head 
groups being disposed at fourteen locations out of six- 
teen locations which are equiangular! y distant from 
each other on said circle. 50 

6. The apparatus as set forth in claim 5, wherein the 
mounting heads of said first, second and third head 
groups take a large-size, a medium-size and a small-size 
electronic component from said electronic component 
supply device, respectively, and mount said large-size, 55 
medium-size and small-size electronic components on 
said substrate, respectively. 

7. The apparatus as set forth in claim 1, wherein said 
table includes an even number of mounting head sup- 
port portions, the mounting head support portions sup- 60 
porting said mounting heads of said head groups such 
that the number of said mounting heads is smaller than 
the number of said mounting head support portions. 

8. The apparatus as set forth in claim 1, further com- 
prising an electronic component take station in which 65 
said electronic component supply device is located, and 
an electronic component mount station in which said 
substrate is located, said take and mount stations being 


provided at respective locations which are diametri- 
cally opposite to each other with respect to said axis of 
said table, the mounting heads of said head groups being 
supported by said table such that the number of the 
mounting heads of each of said head groups is even. 

9. The apparatus as set forth in claim 8, further com- 
prising an electronic component position error detect 
station provided at a location between said electronic 
component take and mount stations at which location 
none of the mounting heads of said head groups is 
stopped, said position error detect station comprising 
image pickup means for taking a projected image of an 
electronic component held by a mounting head which is 
being moved from said take station to said mount station 
and converting the projected image into binary coded 
signals, said image pickup means being disposed under a 
circular path along which said mounting head is moved 
as said table is rotated, said position error detect station 
further comprising error calculating means for compar- 
ing said binary coded signals with reference binary 
coded signals representative of a nominal position of 
said electronic component, and thereby calculating 
position errors, AX and AY, of a reference point on said 
electronic component held by said mounting head, and 
an angular error, A0, of said electronic component 
about said reference point, said error calculating means 
being connected to said image pickup means. 

10. The apparatus as set forth in claim 1, further com- 
prising memory means for storing data relating to the 
equiangular distance predetermined with respect to said 
mounting heads of said each head group, and control 
means for controlling said drive means to intermittently 
rotate said table according to the data stored in said 
memory means. 

11. The apparatus as set forth in claim 1, further com- 
prising identifying means for identifying, each time said 
table is stopped, which one of said mounting heads is 
stopped at a reference place on a circular path along 
which said mounting heads are moved as said table is 
rotated by said drive means. 

12. The apparatus as set forth in claim 11, wherein 
said identifying means comprises: 

measuring means for measuring the rotation amount 
of said table, said measuring means resetting the 
measured rotation amount to zero each time each 
of the mounting heads of one of said head groups is 
stopped at said reference place, said one head 
group consisting of the smallest number of mount- 
ing heads; 

memory means for storing data relating to a predeter- 
mined angular distance between said each of the 
mounting heads of said one head group having the 
smallest number of mounting heads and each of the 
mounting heads of the other head group or groups 
which are disposed between said each of the 
mounting heads of said one head group and a clos- 
est one of the mounting heads of said one head 
group, said closest one mounting head being adja- 
cent to said each of the mounting heads of said one 
head group on the rear side of said each of the 
mounting heads of said one head group as viewed 
in a direction of rotation of said table; and 

comparing means for comparing the rotation amount 
of said table measured by said measuring means 
with the data sorted in said memory means each 
time said each of the mounting heads of said other 
head group or groups is stopped at said reference 
place, and thereby identifying which one of said 
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mounting heads of said other head group or groups 
is stopped at said reference place. 

13. The apparatus as set forth in claim 11, wherein 
said identifying means comprises: 

measuring means for measuring a rotation amount of 5 
said table, said measuring means resetting the mea- 
sured rotation amount to zero each time each of at 
least one of the mounting heads of one of said head 
groups is stopped at said reference place, said one ^ 
head group consisting of the smallest number of 
mounting heads; 

memory means for storing data relating to a predeter- 
mined angular distance between said each of at 
least one of the mounting heads of said one head {5 
group and each of the mounting heads of any head 
group which are disposed on the rear side of said 
each of at least one of the mounting heads of said 
one head group as viewed in a direction of rotation 
of said table; and 20 

comparable means for comparing the rotation 
amount of said table measured by said measuring 
means with the data stored in said memory means 
each time said each of the rearward disposed 
mounting heads is stopped at said reference place, 25 
and thereby identifying which one of said rearward 
disposed mounting heads is stopped at said refer- 
ence place. 

14. The apparatus as set forth in claim 1, further com- ^ 
prising: 

an electronic component take station in which said 
electronic component supply device is located, and 
an electronic component mount station in which 
said substrate is located, said take and mount sta- 35 
dons being provided at respective locations which 
are diametrically opposite to each other with re- 
spect to said axis of said table, the mounting heads 
of said head groups being supported by said table 
such that the number of the mounting heads of 40 
each of said head groups is even; and 


generating means for generating a head group change 
signal for changing a head group which currently 
is used for the electronic component taking and 
mounting operation, to another head group which 
subsequently is used for the same operation; and 

transition control means for controlling said drive 
means, upon generation of said head group change 
signal, to intermittently rotate said table such that 
the mounting heads of both said current head 
group and said subsequent head group are stopped 
at said electronic component take and mount sta- 
tions, until the mounting heads of said current head 
group mount on said substrate all the electronic 
components that have been held thereby. 

15. The apparatus as set forth in claim 14, wherein 
said transition control means comprises: 

judging means for judging whether or not the head 
group change commanded by said head group 
change signal is such that the number of the mount- 
ing heads of said subsequent head group is smaller 
than the number of the mounting heads of said 
current head group; and 

transition stop control means for selecting one of two 
predetermined programs depending upon the affir- 
mative or negative judgement of said judging 
means, and controlling said drive means according 
to the selected one program so that the mounting 
heads of both said current and subsequent head 
groups are stopped at said electronic component 
take and mount stations. 

16. The apparatus as set forth in claim 15, wherein 
said transition stop control means comprises memory 
means for storing data relating to a predetermined angu- 
lar distance between each of the mounting heads of said 
each head group and a closest one of the mounting 
heads of each of said other head group or groups on the 
rear side of said each mounting head of said each head 
group as viewed in a direction of rotation of said table, 
said transition stop control means controlling said drive 
means based on the data stored in said memory means. 
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